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ABSTRACT

The material presented herein are the results obtained
from a program designed to investigate ti.e feasibility of using
vector subtraction to reduce ground clutter observed by VHF radars.
The program was designed to obtain measured data with which to
investigate the correlation of the phases and amplitudes of the
backgrouid return as received from a dual receive antenua system,

A test program was conducted at the Radar Target Scatter
Site (RAT SCAT) located near Holloman AFB in New Mexico. The
program was conducted with the aid of the VHF feasibility demon-
stration system constructed under contract AF30(603}-3815. The
1 tests were made using a frequency of 92.2 MH, and the background
region used in the investigation consisted of a mountain range
located approximately 10 miles from the site. The test results
were processed using a digital cowputer and then analyzed relative
to che degree of phase and amplitude correlation which could be
expected over a significant spatial region. In =ddition, an
implementation method for real time vector subtraction technique
in the area of static cross section measurements is discussed.
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The waderlying objectiwve cof thir study was to determine the feasi-

bility of adapting a form of background cancellation which had been
guccessfully used at the Radar Target Scatter (RAT SCAT) Pacility to the
ectual radar csse. The demonstraticnm tock plece at the White Sands
Missile Range (WSMR) and was performed in the very high freguency (VaF)
band. The possibility of success in this experiment was predicated upcn
the regularity of the structure of the surrcunding mountainous ter:ain,
a dearth of vegetation which otherwise would result in temporal fluctua-
tion in radar ground clutter scattering, the very long wavelengths icker-
ent in the VHF baed, and the stability inherent in & cohersnt measurement
srsten,

In spite of the high degree of coherency observed in the statistics
of the ground clutter scatter data, the findings were nct very =ncouraging
for actual radar application. However, & new technique for reducing tia
backscatter clutter level on a static radar reflectivity range and having
direct application to RAT SCAT resulted quite by accident. This will be
discussed in more detail below.

The specific radar &pplication for which this study was planned wus
the VHF moditication of the AN/FPS-22 radar located at the WSMR which is
currently undervay at RADC in support of the SAMSO/ABRES System 62TA. HNo
further funded effort is contempleied. However, subse,uent to completing
the VHF modificction but prior to the installation of a radar anti-clutter
fence, furtaer in-house tests in conjuncticn with Hclloman Air Force Base.
personnel shculd be performed. Such tests would be more conclusive as they
will mske use of the {inal configuration of the modified AN/FPS-22.

The more rewvarding aspect of this s>udy embodied & metnod of background
cancellation illustrated on page 10, figure 5 of the report. This -~sulted
Zrom an attempt to synthesize the condition where the target and the ack-
ground were both observed in the normsl radar tesm and the background only
was observed in s slave radar beam. Cancellation of background would then
occur at rf in real time. Most of the complications inherent to the actual
radar case which fortunetely are of a diminished form cn a static reflec-
tivity range mske this technique readily and essily implementable on any
ground plane radar cross section range of which RAT SCAT is only one example.
As there are no current requirements for improving the operational capabil-
ity of RAT SCAT, no further B&D follow-on is planned.

Y )t Pt

DONALD M. MONTANA
Project Engineer
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SECTION 1

INTRODUCTION AND SUMMARY

1.1 INTRODGCTION

Ground clutter can result in a gerious sensitivity reduction
radars operating at and below the VHF region., Techniques such
¥T] and radsr fences are currently being used t. reduce this
gund clutter in the case of dynamic measurement systems. In

cage of static messurement systems such techniques as vector
trgction, and RF and IF cancellation have been used. Another
chnique £or sccomplishing this objective is discussed herein

amd involves the use of a slave recelve antenna. The method is
reierred tc g2s real time vecter subtraction although the results
of the measurement program are applicable to &ll types of ccherent
cancellation schemes. Results obtained during a recent VHF feasi-
bility study (Contract No. AF30(602)-3815) indicated that vector
subtraction wouid be feasiblie under certain restrictions on the
properties of the ground clutter. Also, the technique has the
adventage that it can be used in addition to other techniques such
as MTI, and radar fences.
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The primary purpose of this study wes to investigate the

variation and stability of ground clutter as produced by mcuntainous

terrain as seen by & VHF radar system. This was accomplished by
operating a coherent VHF radar system located at Holloman AFB

in which the amplitud> and phase of the ground clutter was measured
as a function of range, angle cf separation betwsen the transmitter
antenna and the slave antennasg, polarization and time. 1iIn Figure
1, the mountainous region which produced the clutter return used

in this study is depicted.

In Section 2 a description of the measurement and analysis
technique are described along with representative measured and
couaputed results.

1.2 Summary

In Section 2 typical experimental results are presented
which were obtained by measuring the amplitude and phase received
from a transmit antenna and that measured subsequently from a
slave antenna. /mplitude and phase data was obtained as a function
of range over a 30,000 foot zection of mountaii.ous terrain located
approximately 60,000 feet from the antennas. 1In addition, the
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angular gseperation between the transmit and slave antennas was
varied in four (4) degree azimith increments over a +20 degree
sector and in 20 degree elevatiorn increments over a +20 degree
sector. The megsurements were made using a 1000 foot transmitter
pulse length and a range gate width of 500 feet. Data was obtained
for the cases of horizontal and vertical polarizations and repeated
four times over a four-day period. Throughout the measurement
program the transmit antenna remained fixed in order to maintain a
phase and amplitude reference. However, some long term drift was
inherent in the measurement system due to the change in the time
delay unit betwsen the transmitter and receiver,

Before summarizing the results of the measurement program the
relationship of the measurement system parameters such as antenna
beam width, clutter croas section level and operating frequency to
other VHF gystems should be noted. The antenna system used to obtain
the data was a yagi design and each of the antennas had a beam wic:h
of epproximately 50 degrees and a gain of approximately 10 db
relative to an isotropic radiater. Hence the angular gseparation
between the slave and transmit antenna which was used in the program
corresponded approximately to one beam width. To extrapolate the
information cbtained in this study to other antenna designs, the

angular gector should be limited to less than the beam width of the
antenna,.

The clutter cross section level which was involved in this
measurement program was in the range of 20 to 75 dBsm depeunding
on the polarization and range. These values were computed based
on the calibrated data obtained during the VHF feasibility demon-
stration program reported in Reference 1. During that program
the operating range was 1500 feet and at this range the system
noise levels, operating at 92,2 MHz, were found to be -35 dBsm
in vertical polarization and -45 dBsm in horizontal polarization.
During the program being reported the operating range was 60,000
to 90,006 feet and the system noise level corresponded to 10 on
the recorder gcale. Based on this information the above indicated
values for the clutter cross section can be computed and indicates

the need for techniques of reducing the clutter in amounts up to
50 db.

A method for extrapolating the results of this program to
systems operating at a higher or lower frequency cannot be demon-
strated in general. However, assuming that the frequency to which
the data is to be extrapolated is not too great (less than 3 times
that used in this study) a reasonable approximation to the dif-
ferential phase data obtained in this program as a function of
range, would be to rultiply this data by the ratio of the new
frequency to 92.2 Mhz.
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A summary of the degree of spatial correlation achieved
during this study is presented in Figures 2 and 3. 1In Figure 2
the rate of change of the amplitude and phase differential between
the transmit and slave antenna is depicted. The data presented in
the figure was obtained by averaging the differential data obtained
in each of the four measurement sequences in the regions where the
signal-to-noise was sufficient to allow consistent data to be ob-
tained and at selected ranges covering the region investigated.
Also, at ranges where the data was changing very rapidly (68k and 73k
feet) two range bins were averaged together in order to remove wide
variations caused by the measurement system. The data spread caused
by elevation is alsc indicated on each of the graphs (amplitude and
phase) and this was obtained by comparing the differential data as
a function of elevation angle, The data shown in Figure 2 is for
the case of horizontal polarization oud that in Figure 3 for verti-
cal polarization. The data in Figures 2 snd 3 show the magnitude
of the changes in amplitude and phase data in the case of horizontal
and vertical polarizations are approximately the same, but the
direction of the changes are different. 1In both cases, the change
in differential amplitude as a function of the range indicates that
the terrain cbserved is distributed over a wide angular region.
That is, since the transmit antenna was fixed the change in differential
amplitude (arid phase) as a function of azimuth was due to the slave
antenna pattern.

The magnitude of the changes between the slave and transmit
amplitude nd phase data indicated in Figures 2 end 3 indicate that
there is sufficient correlation to allow a real time vector sub-
traction system to be implemented with which a substantial amount
of background reduction could be realized. (See Section 3 1i.r other
considerations.) For example, the rate of change of phase and
amplitude (typical cases shown are less than 1 db and 5 degreas per
thousand (k) feet) indicates that if perfect cancellation was
achieved at a given range then approximately 20 db of cancellation
(see Equation 1) would still be realized at ranges +1000 feet on
either side of the optimized range (this notch would be wider if a
longer pulse length was used). Hence, if a programmed feedback
network was incorporated between the slave and transmit antenna
which was centered about and designed to track the range gate of
the main radar receiver, a '"notch'" approximately 2000 feet wide
could be created. The degradation of this optimum cancellation
due to angular misalignment could be overcome by slaving the slave
antenna to the transmit antenna. However, another source of
degradation which will occur due to the time stability of tl..:
system will limit the amount of ''perfect" cancellation which can
be achieved.
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Chsnges as a function of time can occur due to change in
the system parameters associated with the antennas and frequency
or with changes in the background charac:eristics such as might
be caused by moisture changes. During this measurement program
no noticable changes in the background characteristics were
observed although no significant changes in the weather occurred
during the measurcment series. System stability was evaiuated
by obgerving the changes in differential data obtained over a
relatively long time period. The results of these testg are
presented ir Figure 4 which depicts the amplitude and phase
stability as a function of signal-to-noise. The solid lines
represent data obtained in this program by comparing “he change
which occurred in the dirferential data between measurement
sequences. There was some long term drift in the time delay unit
which allowed a certain amount of decorrelation between the range
bins associated with the different measurement sequences. However,
these shifts cculd usually be observed by noting where the maxi-
mum amplitudes occurred in terms of range. Whern this occurred
the data was realigned to obtain the stability information
presented in Figure 4 (in cases where range bin decorrelation
was substantial time and measurement stability data was
obtained by computing the differential between sets of data
recorded using the transmit antenna). Also shown in Figure 4
is short term stability information which was obtained by
averaging the change in the transmit antenna return over a
measurement series., The dashed lines showa in Figure 4 are
extrapolations of the measured data into regions of higher

signal-to-noise using the slope of the line generated with
measured data.

To convert the differential data (in decibels) to the
clutter reduction levels depicted the equation developed in
Reference 2 was used. This expression is noted in Equation 1
and gives the amount of clutter reduction achievable given the
variance of the amplitude (l-of) and phase (A@). To arrive at
the date in Figure 4 it was assumed that the amplitude and

R=(lL-)> + &osSin” -%‘5— (1)

rhase variances werc parti lly independent (i.e., the clutter
reduction due to phase variance and amplitude variance were
computed separately and the results added). Again, the dashed
line is data extrapolated into a region of higher signal-to-
noise uging the intersection of the slopes of the long term
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Fig. 4 STABILITY AND CLUTTER REDUCTION ESTIMATE
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and short term acta. In the case of cozplete amplitude and
phase correlation the clutter reduction will be less than

indicated in Figure 4 (for the worst case condition the amount
will be 3 db).

In summary the results obtained in this program indicate
that a real time vector subtraction technique or standard
vector subtraction technique is feagsible in the VHF region for
the case of a static radar system (Reference 2 for the non-
real time technique applied to the static case). To implement
the technique in a dynamic system, the results of this program
indicate that the operational feasibility will depend on the
extent of the background region (e.g., when background return
involves several side lobes) and the rate at which the phase
and amplitude of the feedback loop must be changed. For
exemple, 1f the range gate is being changed at a rate of 1000
feet per second then the results shown in Figures 3 and 4
indicate that the rate of phase change is on the order of 5
degrees per second and that of amplitude 1 dB per second {a
notable exception occurs in vertical polarization phase at a
range of 82,5K feet). However, if the target speed is 10,000
feet per second tha phase system must be capable of changing 50
degrees/sec and 10 dB/sec in a stable manner. Although this is
an order of magnitude slower than the current RAT SCAT system,
based on the above discussion and the results of this study the
gain in clutter reduction with a dynamic system appears to be
marginal (10 to 20 dB) relative to that which can be achieved by
doppler processing and/or clutter fen-=2s,

In the case of a static measurement system, problems
§szociated with angular tracking and range changes are
essentially eliminated. Hence, the technique cculd afford a
very reliable method for maintaining background cancellation
over a long time period even at the higher frequencies, since
the normal problems of frequency and mechanical stability of
the background are inherently eliminated with the slave antenna
approach (although time side lobes could be a problem if the
pulse length is toc short). 1In Figure 5 the technique is
illustrated in conjunction with its' application to static
measurements on a ground plane cross section range. The slave
anternna is placed above the transmit receiver with the proper
phase and amplitude to cancel the target support as seen by
the transmit receilve antenna. Since the target return as seen
by the slave antenna will be congiderably lower than as seen
by trarsmit {typical nulls are in the range 20 dB one way) the
signal being subtractad from the target plus background is only
the background signal,
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SECTION 2

MEASUREMENT SYSTEM AND RESULTS

2.1 GENERAL

The Vector Subtraction measurement program was conducted at
the RAT SCAT facility located near Holloman AFB, New Mexico. The
measurements were made using a coherent radar system developed under
the VIIF feasibility program contract AF30(602)-3815. The data was
analyzed at the Fort Worth Division of General Dynamics with the
ajid of an IBM 7040-7090 digital computer system and SC 4020 ~uto-
matic plotter. The measurement system and measurement technique
are described in this section along with the computer program rised
to process the raw data. In conclusion, representative m~asured
and computed data are presented.

2.2 Measurement System

The Measurement system used to obtain the data is illustrated
in Figure 6. The basic system components congisted of three antennas,
a coherent transmitter designed to operate between 30 and 100 MHz,
a receiver using a 15 MHz I¥ system, an amplitude and phase console,
and a digital recording system to measure amplitude, phase, and range.
A detailed description of the electronic system is given in Reference
3 and the basic properties are summarized in Table 1.

The tests were conducted ¢ a frequency of 92.2 MHz and the
major modifications of the VHF 3tem which were incorporated to
perform the vector subtractic.. ¢ udy were that of a range gate
control circuit and a method for adjusting the pointing angle cf
the slave antenna.

A range gate control circuit was incorporated which would
effectively allow the range gate to oe adjusted in steps of 500
feet over a span of 30,000 feet., The amplitude and phase were
measured with the aid of a reference pulse which was gated into the
system at a time when no targets were present. A schema*:_c of the
timing circuit along with the relative positions of the reference

"e and target gate are illustrated in Figure 7.

The antenna contrnl systemis illustrated in Figure 8. & closed
loop pulley system was used to adjust azimuth angle of the slave
antenna and the elevation angle was adjusted by using fixed marks
on the antenna tower where the base plate is attached. The azimuth
servo was calibrated in two degree increments over a range of +20
degrees with the aid of a compass and pointer attached to the base

11
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Table 1 MEASUREMENT SYSTEM CHARACTERISTICS

(Eganssittef:F
Frequency 30-100 MH,
Peak Fower 200 Watts
PRF 5 KH,
Pulse Width 0.5 to 50 usec
Interpulse Noise -120 dB
Intrapulse Noise -850 dB
Frequency Stability 1 part in 107/10 winutes
Amplitude Stability +0.25 dB

(:fﬁeceiver;:}A

Frequency 30-100 M,
IF Bandwidth 6.2, 0.5, 2 MH,

Noise Figure
IF Frequency

Dynamic Range

6 dB
15 MH,

50 dB (Limited by
recorder)

i3
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plate and antenna respectfully. The technique illustrated allowed
the azimuth reference to be maintained by pericdically checking
the zero szimuth reference on the control rope with the mechanical
zero azimith reference of the antenna compass-pointer system.

2.3 Measurement Technique

The measurement system described in 2.2 was used to cbtain
amplitude and phase data over a space envelope convering 3(,000
feet span in range and a 40 degree elevation and azimuth sector.
In order tc obtain a representative set of data with which to
evaluate the amplitude and phase variation of this space envelope,
the measurements were repeated four different times at each of
vertical and horizontal polarizations. Each set of measurements
consisted of (1’ recording the amplitude and phase every 50 feet
over a 30,000 foot range span at fixed positicns of the transmit and
slave antennas, (2) repeating this step at 4 degree intervals of zlave
antenna azimuth position over a range of +2C degrees and {3) repeat-
ing steps (1) and (2) at slave antenna elevation positions of =20,
0 and +20 degrees. During the above described measurement sequencs
the transmit antenna was fixed in position to maintain a phase and
amplitude reference., The relative positions of the transmit and
slave antenrna were 50 feet and 25 feet respectively. Congidering the
case where the elevation angie was zero for both antemnas, the heights
indicated above would place the center of the slave antenna at twice
the height of the transmit antenna. This method along with the azimuth
aud elevation adjustments, was used to simulate the cendition that
the slave antenna be in the sidelobe of the transmit antenna,

The measurements were made using 2 pulse length of 1000 feet
and since data was recorded every 500 feet, the number of range
resolution cells involved in the range span was 30, The signal-to-
noise ratio associated with the data varied beiwzen less than 0 db
to 30 db and the return signal as a function of range was typical
of mountainous regions in that it was quite irregular. At range
positions where the signal-to-noise was greater than 15 db, (25
on the recorder scale) the stability of the .lectronic system
was sporadically poor.

2.4 Analysis Technique
The data obtained nder tiie measurement conditions describec
in 2.3 was recorded on pur.ched paper tape and subsequently trans-

ferred to magnetic tape for processing in an IBM 7090-7040 com-
puter. In order to evaluate the variation between the transmit
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antenna and slave antenna as a function of anguler separation and
raage, thz amplitude and phase deta recorded for these antennas
wae gubtracted in corresponding range bins for each of the measure-
ments conditions. Alsc, the actual recorded data was listed in
terms of the measurement conditions {i} polarization (2) day of °
messurement (3) antemna type and (4) azimuth position. A sample
of the computer output iz shown in Figures 9 and 10, 1In Figure 10
the column headings DA and DPHI represent the sbsclute values of
the differential smplitude and differential phase (mod 2%) between
the data recorded using the transmiiter and slave antenna. Each
line of the computed deta is for a range gate position shifted

500 feet. The data is ordered such that the first line represents
datz at the maximum range (90,000 feet).

In addition to the tabulated date, the computer progrzm was
also designed to aliow the data tu be plotted using an SC 4025
pilotter. The plot routine was designed to provide separate plots
of phase and amplitude for a selected span of azimuth vaives (up
to four curves (azimuth valves) per plot). Shown in Figures 11,
12 and 13 are typical plots for the case of transmit antenna, slave
antenna, and the differential information respectively. The chree
sets of curves represent azimuth angles of -20, -16, and -12 deg-
rees (labeled A, B, C). For the sake of clarity, a constant value
of 2 dB and 10 degrees in phase was added to the respective curves
to separate the consecutive azimuth cirves, (e.g., 2 dB is added to
curve B, 4 db to curve C, etc.). When data points are larget than
the maximum ordinate value on the plot, the point is plotted below
the abcissa. To obtain an absolute reference for the clutter return
the dBsm valve corresponding to zero of the plot scale (for curve &)

is noted on each plot and refers to the valve at a range of 60,000
feet.

2.5 Measured and Computed Data

The technique described in 2.4 was used to record and present
the measured and computed data. Selected data is presented in
Figures 14 through 49 which represent the basic results obtained
during this program. Although space would not allow all of the data
to be presented, the data presented is typical and represents data
obtained at each of the antemna angular positions and polarizationms.

In Figures 14 through 31 measured and computed data for hori-
zontal and vertical polarizations are presented in tabular form.
The data is for the case of the fourth series of measurements (day

4) and the data is grouped in the order of transmit antenna, slave
antenna and differential data.
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In Figures 32 through 49 plotted data of “h> same type and order
as the tabulated data is presented for the case of the first series
of measurements. However, the plotted data 13 only three azimuth
poaitions rather than the total eleven conditions used in the study.
(Note that the data is shifted 2 dB and 10 dagrees for each azimuth
value greater than -20 degrees (curve A).)

By inspection of the tabulated differential amplitude and
phase data (Figures 16, 31) as & function of azimuth and elevation
it can te seen that the sensitivity of the data to azimuth mis-
alignment between the slave antenna and transmit antenna is in general
small (examine the data af ranges such that the amplitude values
(aigma) are greater than 25 dB) except in regions where the mis-
alignment is approaching on~ beamwidth. This fact can also be ob-
served in the plotted data presented in Figure 34 through 49
although only three azimuth angles are represented.

The sensitivity of the data to range change can be found by
observing the differential plots in reglons where sigma is greater
than 25 dB. It was found that the chenge in the sigms and phase
differential data as a function of range was noticably greater than
the changes observed in conjunction with angular alignment between
the slave and transmit antenna. However, in both dimensicns (angular
and range), the correlation of the sigma and phase data obtained
frcuw the transmit and slave anterna is sufficient to allow a signi-
ficaat amount of RF cancellation to be obtained (vector subtraction).

The sensitivity of the sigma and phase differential data to
polarization change (vertical-horizontal) can be seen to be
"uncorrelatible" by insgpection of both the tabulated and plotted
date., That isr, the sigma and/cr phase diffexential at a selected
range, elevation, and azimuth, changes significantly when the
polarization is changed. Hence, it would be more difficult to
implement a rea’ time subtraction system to be used in conjunction
with a radar irn which the polecrization was being changed during a
measurement segquence,

In addition to the investigation of the differertial data
correilation as a fimction range and angle, measurcments were
repeated over a time span covering four days to obtain informaticn
as to the long term stability of the differential sigma and phase
data, This information can be obtained by comparing the differential
data identified by different days (e.g., D1 wi:h D4 of Figures 34
and 16) at corresponding range, azimuth and elevation angles. In

23




B

general, it wss found that the long term stapility of the
differential data was good from measurement sequence to measurement
gequence., However, significant changes were noted between the first
and last measurement gequence and in some cases during a measured
sequence. This change was attributed to changes in the range scale.
Tuat 1s, the first range bin in one measurement sequence could be
the second range bin in another due to drift in the transmitted time
delay unit, Although the drift was checked for a time period equiva-
lent to that required to measure the return from both the transmit
antenna and slave antenna and found to be within the measurement
accuracy of the electronic system (less than 0.5 dBR and 3 degrees)
gecorrelation did occur between a number of measurement sequences.
However, in most cases the range bin shifts were evident a:c
iilustrated by the black iline in Figure 21.
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SECTION 3

RECOMMENDATIONS

Baged on the results obtained during this program the
feasibiliity of using a real time vector subtraction technique
to eignificantly reduce the background return in the case of
VHF and higher frequency static radars has been established.

However, in order to establish the amount of reduction
which ¢~ . be realized with & particular dynamic VHF system
and particular background region, the rate of change of
background as & function of range along with the amplitude
and phase measurement time stability needs to be established.
These will depead on the pulse length, operating frequency,
and antenna system as well as the background scattering
characteristics. Therefore, it is recommended that before the
technique is implemented on a particular dynamic system a
demonstraticn program be conducted in which the amplitude and
phase of the background be recorded using an operational radar.
The data obtained should then be used to establish the amount
of clutter reduction which could be expected from either a
r2al time technique or from & non-real time technique. Also,
the differential return from the main iobe of the transmit
antemny on the target and the gide lobe of the salve antenna
on the target must be establiched since this is also a 1°miting
factor (see Figure 6).
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